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HEAD MOUNTED DISPLAY, CONTROL
DEVICE, AND CONTROL METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Phase of International
Patent Application No. PCT/JP2015/050318 filed on Jan. 8,

2015, which claims priority benefit of Japanese Patent
Apphcatlon No. JP 2014-032009 filed 1n the Japan Patent
Oflice on Feb. 21, 2014. Each of the above-referenced
applications 1s hereby incorporated herein by reference 1n its
entirety.

TECHNICAL FIELD

The present mvention relates to a head mounted display
that a user wears on his/her head and uses, a control device

for controlling a head mounted display, and a control
method.

BACKGROUND ART

As one of wearable terminals that a user wears and uses,
there 1s a head mounted display (hereinafter, referred to as
“HMD”). The HMD 1s a display device that 1s mounted on
the head of a user when used and 1n recent years, the HMD
1s not only used as AV equipment and a display device for
a computer game and the like. but also used as a display
device for a user to check information while working 1n
working environment.

For example, on a medical site, the HMD 1s used as a
display device for displaying an 1image of an endoscope (for
example, Patent Literatures 1 and 2). An operator wears the
HMD and performs an operation while viewing an image
displayed on the HMD. In the past, an image of the endo-
scope was usually displayed on a monitor installed in the
vicinity of the operator, and therefore, 1t was necessary for
the operator to frequently move his/her visual line between
the monitor and a patient. By displaying the image of the
endoscope on the HMD, it 1s made possible for an operator
to check the image of the endoscope displayed on the display
unit of the HMD and a patient without moving his/her visual
line considerably.

CITATION LIST

Patent Literature

Patent Literature 1: JP HO6-062438A
Patent Literature 2: JP 2013-106752A

SUMMARY OF INVENTION

Technical Problem

However, when an HMD of a type that covers the eyes of
a person who wears the HMD 1s used, it 1s not possible to
recognize peripheral environment, and therefore, 1t becomes
difficult to establish communications during the operation,
such as giving instructions to an assistant or a nurse. In
contrast to this, 1t 1s conceivable to use an HMD of a video
see-through type that mounts a camera on the HMD to allow
viewing peripheral environment. If a video see-through
function 1s added to the HMD, an operator who 1s wearing
the HMD 1s enabled to recognize the situations of stafls
around the operator by switching between the endoscope
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image and external camera image during the operation, and
therefore, 1t 1s conceivable that communication will be
improved.

However, there 1s a case where a scopist (endoscope
operator) and an assistant also wear the HMD, besides the
operator. In the case such as this where a plurality of persons
wear the HMDs and perform an operation in collaboration,
it 1s possible to recognize peripheral environment by video
see-through, but it 1s not possible to recognize what another
person wearing the HMD 1s viewing. Because of this, there
1s a possibility that a loss 1n cooperation will occur between
operators.

Consequently, the improvement in communication with
another person when the HMD 1s mounted has been
demanded.

Solution to Problem

According to the present disclosure, there 1s provided a
head mounted display, including a display unit configured to
present an 1mage to a wearer, a mounting unit configured to
be mounted on a head of the wearer, and a notification unit
configured to notily a person other than the wearer of
information that the wearer 1s visually recognizing.

According to the present disclosure, there 1s provided a
control device, including a visually recognized information
acquisition unit configured to acquire information that a
wearer of a head mounted display 1s visually recognizing,

and a notification control unit configured to control a noti-
fication unit on a basis of information that the wearer 1s
visually recognizing, the notification unit being included in
the head mounted display and notifying a person other than
the wearer of information that the wearer 1s visually recog-
nizing.

According to the present disclosure, there 1s provided a
control method, including acquiring information that a
wearer of a head mounted display 1s visually recognizing,
and controlling a notification unit on a basis of 1nformation
that the wearer 1s visually recognizing, the notification umit
being included in the head mounted display and notifying a
person other than the wearer of information that a wearer 1s
visually recognizing.

According to the present disclosure, a person other than
the wearer 1s notified of information visually recognized by
a wearer wearing a head mounted display by a notification
umt. In this way, the person other than the wearer can
recognize what the wearer 1s viewing.

Advantageous Elflects of Invention

According to the present disclosure, information that a
wearer of a head mounted display 1s visually recognizing
can be recognized by a non-wearer or another wearer, which
can 1mprove the communication with other persons when
cach person wears the head mounted display.

The above-described eflfect 1s not necessarily limitative
and 1t may also be possible to bring about any eflect shown
in the present specification or another effect that can be
grasped from the present specification together with or 1n

il

place of the above-described eflect.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a system configuration diagram showing a
configuration example of an endoscope system according to
a first embodiment of the present disclosure.
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FIG. 2 1s a schematic side view showing a state where a
user wears an HMD according to the same embodiment.

FIG. 3 1s a schematic diagram showing a display plane of
the HMD according to the same embodiment.

FI1G. 4 1s an explanatory diagram showing a configuration
example of a notification unit provided 1n the HMD accord-
ing to the same embodiment, the notification umt imncluding
one lamp.

FIG. 5 1s an explanatory diagram showing a configuration
example of a notification unit provided 1n the HMD accord-

ing to the same embodiment, the notification umt including
three lamps having a same color.

FIG. 6 1s an explanatory diagram showing a configuration
example of a notification unit provided 1n the HMD accord-

ing to the same embodiment, the notification unit including
three lamps each having a color different from each other.

FI1G. 7 1s an explanatory diagram showing a configuration
example of a notification unit provided 1n the HMD accord-
ing to the same embodiment, the notification umt including
a display device.

FIG. 8 1s a function block diagram showing a function
configuration of the HMD and a processor unit constituting
a display control system according to the same embodiment.

FIG. 9 1s a function block diagram showing a function
configuration of an HMD and a processor unit constituting
a display control system according to a second embodiment
of the present disclosure.

DESCRIPTION OF EMBODIMENT(S)

Hereinafter, preferred embodiments of the present disclo-
sure¢ will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements 1s omitted.

Note that the description will be given in the following
order.
1. First Embodiment

1.1. System configuration

1.2. Notification unit

1.3. Display control processing

1.4. Summary
2. Second embodiment (example including visual line detec-

tion unit)

3. Modified examples

1. First Embodiment

[1.1. System Configuration]

First, with reference to FIG. 1 to FIG. 3, as an example of
a system that uses an HMD according to a first embodiment
of the present disclosure, an endoscope system 1s described.
FIG. 1 1s a system configuration diagram showing a con-
figuration example of an endoscope system 1 according to
the present embodiment. FIG. 2 1s a schematic side view
showing a state where a user wears an HMD 100 according
to the present embodiment. FIG. 3 1s a schematic diagram
showing display planes 152 and 154 of the HMD 100.

Note that the present disclosure defines users using the
endoscope system 1 as follows.

“Wearer”: a person wearing an HMD.

“Non-wearer”: a person not wearing an HMD.

Further, in the case where there are a plurality of “wear-
ers”’, a wearer (/wearers each) wearing an HMD other than
one “wearer’ may also be referred to as “another wearer
(/other wearers)”.
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The endoscope system 1 according to the present embodi-
ment 1s a system used in an endoscopic operation and an
operator wears an HMD and performs an operation while
visually recognizing the state of an aflfected area the image
of which 1s captured by an endoscope device.

As shown i FIG. 1, the endoscope system 1 has a

configuration in which HMDs 100 (100A, 100B), a display
300, and external devices 400 (400A, 400B) are connected
to a processor unit 200.

The HMD 100 1s a display device that displays informa-
tion, such as an mput 1image from the external device 400. As
shown 1n FIG. 2, the HMD 100 1s, for example, a non-

transmissive HMD 1n the shape of goggles and 1s used 1n a
state of being mounted on the head of a user. The HMD 100
includes a main body unit 110 including the display units
152 and 154 for presenting information to a wearer of the
HMD 100, and an upper fixing unit 120 and a rear fixing unit
130 for fixing the main body unit 110 to the head. When the

HMD 100 1s fixed to the head of the wearer by the fixing

units, the display units 152 and 154 of the main body unit
110 are located in front of the left and rnight eyes of the
wearer.

The main body unit 110 1s a portion that covers both the
eyes of the wearer. The main body unit 110 may be config-
ured so as to cover, for example, the parts in the vicinity of
the left and right temples of the wearer. By forming the main
body unit 110 into such a shape, 1t 1s possible to cover the
parts 1n front of the eyes of the wearer almost perfectly when
the wearer wears the HMD 100, and therefore, 1t 1s made
possible for the wearer to easily view an 1mage because no
external light enters the wearer’s eyes. An 1image capturing
unmit 112 configured to shoot, for example, peripheral envi-
ronment, may be provided on the external surface of the
main body unit 110. Due to this, the wearer wearing the
HMD 100 can also recognize information on peripheral
environment that 1s seen when the HMD 100 1s not mounted
(video see-through), in addition to information provided
from the external device 400 and the like via the processor
unit 200.

At an eyepiece plane 110a of the main body unit 110, as
shown 1n FIG. 3, a first display unit 152 for the left eye and
a second display unit 154 for the right eye are provided so
as to correspond to the positions of the left and right eyes of
the wearer. Between the first display unit 152 and the second
display unit 154, for example, a cutout for positioming the
nose of the wearer may be formed. A gap may be provided
between the eyepiece plane 110a of the main body unit 110
and the wearer’s eyes. By opening the lower part of the gap
without covering 1t, the wearer may see his/her own hands
and the like when the wearer lowers his/her visual line.

Inside the main body unit 110, a first display element
(reference numeral 163 1n FIG. 4) that presents an image for
the left eye on the first display unit 152 and a second display
clement (reference numeral 166 1n FIG. 4) that presents an
image for the right eye on the second display unit 154 are
provided. Each display element presents, for example, an
image of the endoscope device provided by the processor
unit 200, an 1mage captured by the image capturing umt 112
of the main body unit 110, and the like. Display control
processing of an 1mage that 1s displayed on the display umit
of the HMD 100 will be described later. The main body unit
110 1s also provided with a cable 140 that 1s connected to the
processor unit 200 1n order to perform transmission and
reception of information with the processor umt 200. In the
present embodiment, the HMD 100 and the processor unit
200 are connected by a wire, but the present disclosure 1s not
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limited to this example and communication of imnformation
between devices may be performed wirelessly.

The upper fixing unit 120 supports the main body unit 110
from the upper part of the head of the wearer 1n order to fix
the main body unit 110 to the position of the wearer’s eyes.
The upper fixing unit 120 includes support units 121 and 124
located at the parietal region of the head, a first adjustment
unit 122 configured to adjust the position on the wearer’s
front side, and a second adjustment unit 125 configured to
adjust the height position on the leit and rnight sides of the
wearer.

As shown 1n FIG. 2, the first adjustment unit 122 1s a
member that couples the upper part of the main body unit
110 and the support unit 121 and 1s configured so that the
length thereot can be adjusted. By adjusting the length of the
first adjustment unmit 122, the degree with which a forehead
contact pat 127 istalled above the eyepiece plane 110a of
the main body unit 110 1s pressed against the forehead of the
wearer 1s changed, which enables to adjust the position on
the wearer’s front side.

As shown 1n FIG. 2, the second adjustment unit 125 1s a
member that couples both sides of the main body umt 110,
which extend toward the upper part of the left and right ears
of the wearer when the HMD 100 i1s mounted, and the
support unit 124, and 1s configured so that the length thereof
can be adjusted. The second adjustment units 125 are
provided on the left side and on the right side, respectively.
By adjusting the length of the second adjustment unit 125,
a head pat 122a installed between the first adjustment unit
122 and the head 1s pressed against the wearer’s head and
thereby the height positions of both the side parts of the main
body unit 110 are adjusted.

The rear fixing unit 130 supports the main body unit 110
from the back of the wearer’s head 1n order to fix the main
body unmit 110 at the position of the wearer’s eyes. As shown
in FIG. 2, the rear fixing unit 130 1s a member that couples
both sides of the main body unit 110 on the back side of the
head and 1s configured so that the length thereof can be
adjusted. By adjusting the length of the rear fixing unit 130,
the degree with which side pats 126 provided on both sides
of the main body unit 110 are pressed against the head 1s
changed, which enables to adjust the support degree at the
temporal region.

It may also be possible to switch information displayed on
the display units 152 and 154 of the HMD 100 by a remote

controller 102 (102A, 102B). The remote controller 102 1s
provided so as to form a pair with one HMD 100. For
example, the remote controller may be a foot switch that a
wearer steps on by the wearer’s foot to perform an input
operation. Input information from the remote controller 102
1s output to the processor unit 200.

The processor unit 200 1s a control device that controls

connected devices. In the present embodiment, the processor
unit 200 controls the HMDs 100 (100A, 100B), the display

300, and the external devices 400 (400A, 400B) as shown 1n
FIG. 1. Specifically, the processor unit 200 processes infor-
mation input from the external device 400 into information
that can be displayed on the display devices of the HMDs
100 and the display 300, and outputs the information to each
display device. Further, the processor unit 200 switches
information displayed on the display units 152 and 154 of
the HMD 100 based on the operation input from the remote
controller 102 of each HMD 100.

The display 300 1s a display device for an unspecified user
to view information. The display 300 1s mainly used for a
non-wearer not wearing the HMD 100, who works together
with wearers each wearing the HMD 100, to view informa-
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tion. The display 300 can display information input from the
external device 400 and other pieces of information. Infor-
mation displayed on the display 300 1s set by a wearer, a
non-wearer, or the processor unit 200.

The external device 400 1s a device that outputs informa-
tion displayed on the display device, such as the HMD 100
and the display 300. In the endoscope system 1 of the present
embodiment, for example, the external device A400A 1s an
endoscope device and an 1mage captured by the camera of
the endoscope device 1s output to the processor unit 200.

In the endoscope system 1 such as this, information 1nput
from the external device 400 1s processed by the processor

unmt 200 and 1s displayed on the display device, such as the
HMD 100 and the display 300.

[1.2. Notification Unit]

In the case where the HMD 100 according to the present
embodiment 1s capable of performing switching between
multiple pieces of information to be displayed on the display
units 152 and 154, 1t 1s not possible for a person other than
the wearer of the HMD 100 to recognize what the wearer 1s
viewing, since the wearer’s eyes are covered with the main
body unit 110. Accordingly, the HMD 100 according to the
present embodiment includes, on the external surface of the
main body umt 110, a notification unit 170 configured to
show information that the wearer of the HMD 100 1s visually
recognizing. The notification unit 170 may be provided at a
position at which a person other than the wearer of the HMD
100 can visually recognize. The notification unit 170 may be
configured as shown 1n FIGS. 4 to 7, for example.

A notification unit 170A shown 1n FIG. 4 includes one
lamp provided in the vicinity of the center of the external
surface of the main body umit 110. The lamp may be an LED
lamp, for example. The lighting state of the lamp 1s con-
trolled depending on information that the wearer of the
HMD 100 1s visually recognizing. Examples of the lighting
state 1nclude lighting-on, lighting-off, and blinking. For
example, the lamp 1s controlled 1n a manner that the lamp 1s
on 1n the case where the wearer views information of the
external device A400A, the lamp 1s blinking 1n the case
where the wearer views information of the external device
B400B, and the lamp 1s off 1n the case where the wearer
views peripheral environment using the image capturing unit
112. Alternatively, the amount of light emitted from the lamp
may be changed depending on information that the wearer of
the HMD 100 1s visually recognizing.

A nofification unit 170B shown i FIG. 5 includes three
lamps, lamps 171, 172, and 173, which are provided 1n the
vicinity of the center of the external surface of the main body
umt 110. The lamps 171, 172, and 173 may also be LED
lamps. In the case where the lamps 171, 172, and 173 each
have a same color, pieces of information displayable on the
display units 152 and 154 (or input terminals of the proces-
sor unit 200) are each associated with a lamp to be turned on,
and a corresponding lamp may be turned on depending on
information that the wearer of the HMD 100 1s visually
recognizing.

Note that, although 1t 1s simple to understand 1if pieces of
information and the lamps are in one-to-one correspon-
dence, the number of lamps may be smaller than the number
of pieces of displayable information. In this case, the light-
ing state of each lamp may be changed and thus can show
the difference between the pieces of information. Alterna-
tively, the number of lighting-on lamps may be changed and
thus can also show the diflerence between the pieces of
information. For example, one lamp, the lamp 171, may be
turned on 1n the case where the wearer views the information
of the external device A400A, and two lamps, the lamps 171
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and 172, may be turned on in the case where the wearer
views the information of the external device B400B.

A notification unit 170C shown 1n FIG. 6 includes three
lamps, lamps 174, 175, and 176 each having a color different
from each other, which are provided in the vicinity of the
center of the external surface of the main body unit 110. The
lamps 174, 175, and 176 may also be LED lamps. In this
way, the lamps 174, 175, and 176 cach having a color
different from each other may be used to notify a non-wearer
of information 1 a simple manner. Note that, 1n the same
manner as the notification unit 170B shown 1n FIG. 5, 1n the
notification unit 170C shown 1 FIG. 6, pieces of informa-
tion and the lamps are not necessarily be in one-to-one
correspondence, and the lighting state and the number of
lighting-on lamps may be changed and thus can show the
difference between the pieces of information.

A notification unit 170D shown in FIG. 7 1s a display
device which displays information that the wearer of the
HMD 100 1s visually recognizing. Examples of the display
device include a liquid crystal display, an organic EL
display, a lightweight display device such as electronic
paper, and a display device which can be curved so as to be
capable of being placed on a curved surface. Information to
be displayed on the display device may be information 1tself
that the wearer of the HMD 100 1s actually visually recog-
nizing, or may be corresponding information representing,
the information. Examples of the corresponding information
include a thumbnail, text information, and a chart. In this
way, a non-wearer can easily recognize the information that
the wearer of the HMD 100 1s visually recognizing by
viewing the notification unit 170D.

Note that the form of the notification unit 170 of the HMD
100 according to the present embodiment 1s not limited to
the examples described above. Further, the forms of the
above-mentioned notification umts 170A to 170D can be
combined with each other as appropriate, for example, a
lamp and a display device may be provided in combination.
[1.3. Display Control Processing]

While the wearer of the HMD 100 performs an operation,
the wearer performs switching between a medical 1mage
presented from the processor unit 200 and an 1mage shot by
the 1mage capturing unit 112 of the HMD 100. In this case,
the HMD 100 has information of the external device 400 and
the like displayed on the display units 152 and 154, and 1s
also notified of information that the wearer of the HMD 100
1s visually recognizing by the notification unit 170 of the
main body unit 110. Heremafter, with reference to FIG. 8,
there will be described information display control and
notification control on the HMD 100 of the endoscope
system 1 according to the present embodiment.

FIG. 8 shows a function configuration of the HMD 100
and the processor unit 200 constituting the endoscope sys-
tem 1 according to the present embodiment. In FIG. 8, the
function units that function when display control of the
display unmits 152 and 154 of the HMD 100 1s performed and
a notification control function of the HMD 100 are shown
and 1t 1s assumed that other function units are also 1included
actually. In the example mn FIG. 8, the processor unit 200
functions as a display control device that performs display
control of the two HMDs 100A and 100B and based on
istructions to switch displays of each of the HMDs 100A
and 100B, information presented on each of the HMDs
100A and 100B 1s switched.

First, referring to the display processing functions of the
HMD 100, as shown in FIG. 8, the HMD 100 includes a
display port 162, an image generation unit 164, display
elements 165 and 166, and a notification control unit 168.
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The display port 162 1s an interface that receives input
information from the processor unit 200. To the display port
162, the cable 140 that enables information communication
with the communication unit 200 1s connected. Input to the
display port 162 are, for example, image signals to be output
to the display elements 165 and 166, respectively, and
information visually recognized by a wearer of the HMD
100. The mformation mput from the display port 162 1s
output to the image generation unit 164.

The 1mage generation unit 164 generates 1image signals
that are output to the display elements 165 and 166, respec-
tively, based on the information acquired via the processor
unit 200. In the case where the 1image presented to a wearer
1s a 3D 1mage, the image generation unit 164 performs shiit
processing to produce a shiit between a left-eye 1mage signal
that 1s output to the first display element 165 and a right-eye
image signal that 1s output to the second display element
166. In the shift processing, for example, the amount of shift
between the left-eye image signal and the right-eye image
signal 1s determined 1n accordance with, for example, the
distance between the display elements 165 and 166 and the
wearer’s eyes, the interval between wearer’s eyes, the virtual
image position, and the like. The image generation unit 164
outputs the generated image signal to the first display
clement 165 and the second display element 166.

The display elements 165 and 166 emit image light
toward the display units 152 and 154 based on the image
signal input from the 1mage generation unit 164. The display
clements 165 and 166 are arranged, for example, so as to
face the display units 152 and 154 in the longitudinal
direction of the wearer’s face when the HMD 100 is
mounted. Due to this, the optical axis of the image light
emitted from the display elements 165 and 166 and the
display units 152 and 154 will become substantially parallel
to the direction of the visual line when the wearer faces the
front.

The display elements 165 and 166 include, for example,
an organic electroluminescence (EL) element. By adopting
the organic EL element as the display elements 165 and 166,
it 1s possible to realize compactness, high contrast, quick
responsiveness, and the like. The display elements 165 and
166 have a configuration in which, for example, a plurality
of red organic EL elements, a plurality of green organic EL
clements, a plurality of blue organic EL elements, and the
like, are arranged in the form of a matrix. Each of these
clements spontancously emits light at predetermined timing,
luminance, and the like, by being driven by a drive circuit of
active matrix type, passive matrix type, and the like. By
controlling the drive circuit based on the image signal
generated 1n the image generation unit 164, a predetermined
image 1s displayed on the entire display elements 165 and
166 and the display 1s presented to a wearer via the display
units 152 and 154.

Between the display elements 165 and 166 and the display
unmts 152 and 154, as an optical system, for example, a
plurality of eyepiece lenses (not shown) may be arranged,
respectively. By causing these eyepiece lenses and the
wearer’s eyes to lface each other with a predetermined
distance in between, 1t 1s made possible to cause a wearer to
observe a virtual 1mage, which looks as 1 an 1mage 1is
displayed at a predetermined position (virtual 1image posi-
tion). By presenting such a virtual image, it 1s possible to
provide a 3D mmage. The virtual 1mage position and size of
the virtual image are set by the configuration and the like of
the display elements 165 and 166 and the optical system.

In order to cause a wearer to observe a virtual 1image, the
main body unit 110 1s mounted on the user so that image
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light emitted 1n the optical axis direction from the display
clements 165 and 166 forms an 1mage on the retinas of the
left and right eyes, respectively. In the case where the main
body unit 110 1s not mounted appropriately, the 1mage will
be a blurred 1image out of focus or a deviation occurs 1n the
3D image, and therefore, the wearer 1s not able to view a
desired 1mage. Consequently, when wearing the HMD 100,
a user {ixes the main body unit 110 to the head by the upper
fixing unit 120 and the rear fixing unit 130 so that a relevant
position 1s not shifted after adjusting the main body umt 110
to an appropriate position.

The notification control unit 168 controls the notification
unit 170 on the basis of input information from the processor
unit 200 that 1s input to the display port 162. The notification
control unit 168 controls the notification unit 170 1n a
manner that the notification unit 170 shows information to
be newly displayed at the timing of switching of display
information on the display units 152 and 154, for example.
In the case where the notification unit 170 includes lamp(s),
for example, the notification control unit 168 controls the
lighting state of the lamp(s), the number of lighting-on
lamps, and the amount of light emitted from the lamp(s).
Further, 1in the case where the notification unit 170 includes
a display device, for example, the notification control unit
168 displays information to be displayed on the display
device, or corresponding information that corresponds to the
information, the corresponding information including a
thumbnail, text information, or a chart.

Note that the notification control unit 168 may perform,
by the notification unit 170, notification that the display of
the HMD 100 1s switched. In the case where the notification
unit 170 includes lamp(s), for example, the notification
control unit 168 may perform control in a manner that the
lamp 1s turned on 1n a lighting pattern that shows switching
of display and then the lamp i1s brought to a lighting state
corresponding to information to be displayed after the
switching. Further, in the case where the notification unit
170 includes a display device, for example, the notification
control unit 168 may cause a thumbnail that 1s displayed on
the display device to be temporarily displayed 1n a blinking,
manner, or may cause an alarm that shows the switching of
the display to be displayed.

Next, referring to the display processing functions of the
processor unit 200, as shown 1n FIG. 8, the processor unit
200 1ncludes an 1mage input unit 211, an 1mage processing
unit 212, a display control unit 213, an output unit 214, and
an operation mput unit 215.

The 1mage 1nput unit 211 1s an interface that receives an
image input to the processor unit 200 from the external
device 400. In the example shown 1n FIG. 8, the endoscope
device 10 1s shown as the external device 400, and at this
time, to the 1image input unit 211, an 1image captured by the
camera (not shown) of the endoscope device 10 1s input. The
image input unit 211 outputs the image input to the image
processing unit 212.

The 1mage processing unit 212 processes an 1image input
to the processor unit 200 1into an 1mage to be displayed on
the HMD 100. The image processing unit 212 generates a
left-eye 1mage to be displayed on the first display umt 152
of the HMD 100 and a night-eye 1mage to be displayed on
the second display unit 154 from, for example, an 1mage
captured by the camera of the endoscope device 10. The
image on which 1image processing has been performed by
the image processing unit 212 1s output to the display control
unit 213.

The display control unit 213 controls information to be
displayed by the display units 152 and 154 of the HMD 100.
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The display control unit 213 performs control in a manner
that, on the basis of mstructions to switch displays from the

remote controller 102, specified information 1s displayed.
When the display control unit 213 determines the informa-
tion to be displayed by each HMD 100, the display control
unmit 213 outputs the mformation to each HMD 100 via the
output umt 214.

The operation 1input unit 215 1s an input unit that receives
an operation mput from a wearer of the HMD 100. In the
present embodiment, information to be displayed on the
display units 152 and 154 of the HMD 120 can be switched
by the remote controller 102. An operation input to the
remote controller 102 1s output to the operation put unit
215 and the operation mput unit 215 outputs the operation
input information to the display control unit 213. The
display control unit 213 outputs specified information to the
HMD 100 via the output umt 214 based on instructions to
switch displays from the remote controller 102.
|1.4. Summary|

As above, the method for presenting information dis-
played on the HMD 100 1n the endoscope system 1 accord-
ing to the present embodiment 1s described. According to the
present embodiment, the notification unit 170 1s controlled
depending on information that a wearer of the HMD 100 1s
visually recognizing, and a non-wearer 1s notified of the
information that the wearer of the HMD 100 1s visually
recognizing. In this way, the non-wearer can grasp what the
wearer of the HMD 100 who 1s working 1n collaboration 1s
viewing at present during the work. In such circumstances,
a conversation 1s made and instructions are given, and
therefore, 1t 1s made possible to easily establish communi-
cation between users, and the occurrence of loss 1 coop-
eration and the like can be avoided.

2. Second Embodiment

Next, based on FIG. 9, display control in a system that
uses an HMD according to a second embodiment of the
present disclosure 1s described. In the present embodiment,
the endoscope system 1s described as an example, as 1n the
first embodiment. FIG. 9 1s a function block diagram show-
ing a function configuration of the HMD 100 and the
processor unit 200 constituting the endoscope system 1
according to the present embodiment. FIG. 9 shows the
function units that function when dlsplay control of the
display units 152 and 154 of the HMD 100 1s performed and
a nofification control function of the HMD 100, but it 1s
assumed that other function units are included actually.

Also 1n the example 1n FIG. 9, as 1n FIG. 8 of the first
embodiment, the processor unit 200 functions as the display
control device that performs display control of the two
HMDs 100A and 100B and switches mnformation that is

presented to each HMD based on instructions to switch
displays of each of the HMDs 100A and 100B. The con-
figuration of the endoscope system 1 according to the
present embodiment differs from the configuration of the
first embodiment shown 1n FIG. 8 in that the HMD 100
includes a visual line detection unit 167. The other function
units are the same as those of the first embodiment, and
therefore, description of these function units 1s omitted.
The visual line detection unit 167 provided 1n the HMD
100 detects a visual line of a wearer of the HMD 100. The
visual line detection unit 167 captures an 1mage of the eyes
of the wearer of the HMD 100 and detects the visual line
from the positional relationship between a reference point
and a moving point 1n the eyes. The visual line of the wearer
detected by the visual line detection umit 167 1s output to the
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notification control unit 168. The notification control unit
168 determines, on the basis of a detection result obtained by

the visual line detection unit 167, whether the wearer 1s
viewing the display units 152 and 1354 or the wearer 1s
viewing another part such as his/her hand(s). Then, on the
basis of the determination result, the notification control unit
168 controls the notification umt 170 and notifies the non-
wearer of the information that the wearer 1s viewing.

In this way, by detecting the visual line of the wearer by
the visual line detection unit 167, for example, 1t 1s possible
to grasp whether or not the wearer 1s viewing the display
units 152 and 154 of the HMD 100. When there 1s a gap
between the main body unit 110 and the eyes of the wearer
and the lower part thereof 1s opened as in the HMD 100
shown 1n FIG. 2, there 1s a case where the person wearing
the HMD 100 1s able to view something other than the
information displayed on the display units 152 and 154. At
this time, if the wearer notifies a non-wearer of the infor-
mation displayed on the display units 152 and 154, the
recognition differs between the users and circumstances
where communication 1s not established smoothly are con-
celvable.

Further, for example, as in PinP (Picture In Picture), in the
case where another display region for displaying informa-
tion 1s provided within the display region of the display units
152 and 154, the wearer moves his/her visual line to gaze the
information 1n each display region. At this time, 1f the wearer
notifies a non-wearer of the information displayed in the
display region that the non-wearer 1s not viewing, recogni-
tion will also differ between the users.

As described above, the information that a wearer i1s
visually recognizing is not necessarily limited to the infor-
mation displayed on the display units 152 and 154 of the
HMD 100. Information that a wearer 1s visually recognizing
includes, for example, in addition to the main information
displayed on the display units 152 and 154, information
when the wearer views his/her hand(s) and immformation in
one of display regions in the case where a plurality of
display regions exists in the display units 152 and 154.
Consequently, as 1n the present embodiment, the visual line
detection unit 167 1s provided in the HMD 100 and infor-
mation that a wearer of the HMD 100 1s visually recognizing
1s specified from the visual line of the wearer. Due to this,
it 15 made possible to more exactly notily the non-wearer of
the information that the wearer views, and therefore, 1t 1s
possible to improve the communication between the users.

As above, the method for presenting information dis-
played on the HMD 100 1n the endoscope system 1 accord-
ing to the present embodiment 1s described. According to the
present embodiment, the notification unit 170 1s controlled
depending on mformation that a wearer of the HMD 100 1s
visually recognizing, and a non-wearer 1s notified of the
information that the wearer of the HMD 100 1s visually
recognizing. In this way, the non-wearer can grasp what the
wearer of the HMD 100 who 1s working 1n collaboration 1s
viewing at present during the work. In such circumstances,
a conversation 1s made and instructions are given, and
therefore, 1t 1s made possible to easily establish communi-
cation between users and the occurrence of loss 1n coopera-
tion and the like can be avoided.

3. Modified Examples

In the embodiments described above, the notification of
the mformation that a wearer of the HMD 100 1s visually
recognizing 1s performed by the notification unit 170 pro-
vided 1n the HMD 100, but the present disclosure 1s not
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limited thereto. For example, the notification unit 170 per-
forming the notification of information that each wearer 1s
visually recognizing may be provided in the processor unit
200.

To be specific, a notification unit such as a lamp or a
display device may be provided in the processor unit 200,
and the notification unit shows information that the wearer
of the HMD 100 1s visually recognizing, the HMD 100 being
connected by the notification unit. In this way, 1t becomes
possible to grasp all pieces of information that a plurality of
wearers each wearing the HMD 100 by viewing the proces-
sor unit 200.

As above, the preferred embodiments of the present
disclosure are described in detaill with reference to the
appended drawings, but the technical scope of the present
disclosure 1s not limited to those examples. It 1s obvious that
a person with ordinary knowledge 1n the technical field of
the present disclosure may think out various kinds of altered
examples or modified examples 1n the category of the scope
of the technical 1dea described in the claims and those are of
course construed to be included 1n the technical scope of the
present disclosure.

For example, although the notification control unit 168 for
controlling the notification unit 170 of the HMD 100 and the
visual line detection unit 167 according to the above
embodiments are provided in each HMD 100, the present
technology 1s not limited thereto. For example, a function of
a notification control unit or a visual line detection unit may
be provided to the processor unit 200.

Further, 1n the above-described embodiments, the organic
EL element 1s used as the display element, but the present
technology 1s not limited to those examples. For example, a
liguad crystal display element (LCD) may be used as the
display element.

In addition, although 1t has been described 1n the above
embodiments that a non-wearer 1s notified of information
that a wearer of the HMD 100 1s visually recognizing by the
notification unit 170 of the HMD 100, the present technol-
ogy 1s not limited thereto. For example, 11 the HMD 100 1s
of a see-through type, the wearer can visually recognize the

notification unit 170 of the HMD 100 of another wearer. In
this way, using the HMD of the see-through type, the wearer
views the notification unit 170 of the other wearer via the
image capturing unit 112 and thus can visually recognize the
information that the other wearer 1s visually recognizing. In
this way, communication between the wearer of the HMD
100 and a person other than the wearer can be improved.

The eflects described 1n the present specification are only
explanatory or 1llustrative but not limitative. The technology
according to the present disclosure may bring about other
ellects obvious to the persons 1n the art from the description
of the present specification together with the above-de-
scribed eflects or 1n place of the above-described eflects.

Additionally, the present technology may also be config-
ured as below.

(1) A head mounted display, including:

a display unit configured to present an 1image to a wearer;

a mounting unit configured to be mounted on a head of the
wearer; and

a notification umt configured to notily a person other than
the wearer of information that the wearer 1s visually recog-
nizing.

(2) The head mounted display according to (1),

wherein the notification unit includes one or a plurality of
lamps.
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(3) The head mounted display according to (2),

wherein the notification umt performs notification of the
information that the wearer 1s visually recognizing on a basis
of at least one of a color of each of the one or the plurality
of lamps, a lighting state of each of the one or the plurality
of lamps, a number of the one or the plurality of lamps, and
an amount of light emitted from each of the one or the
plurality of lamps.

(4) The head mounted display according to (1),

wherein the notification unit 1s a display device config-
ured to display information that the wearer i1s visually
recognizing.

(5) The head mounted display according to (1),

wherein the notification unit 1s a display device config-
ured to display corresponding information representing
information that the wearer 1s visually recognizing.

(6) The head mounted display according to (3),

wherein the display device 1s capable of being curved.

(7) The head mounted display according to any one of (1)
to (6),

wherein the information that the wearer 1s visually rec-
ognmzing includes at least an 1image captured by an endo-

scope device.

(8) The head mounted display according to any one of (1)
to (7), further including:

a noftification control unit configured to control the noti-
fication unit on a basis of information that the wearer 1s
visually recognizing.

(9) The head mounted display according to (8),

wherein the notification unit includes the one or a plural-
ity of lamps, and

wherein the notification control unit controls, on a basis of
information that the wearer 1s visually recogmzing, at least
one of a color of each of the one or the plurality of lamps,
a lighting state of each of the one or the plurality of lamps,
a number of the one or the plurality of lamps, and an amount
of light emitted from each of the one or the plurality of
lamps.

(10) The head mounted display according to (8) or (9),

turther including:

a visual line detection unit configured to detect a visual
line of a wearer,

wherein the notification control unit determines, on a
basis of a detection result obtained by the wvisual line
detection unit, information that a wearer 1s visually recog-
nizing.

(11) A control device, including:

a visually recognized information acquisition unit config-
ured to acquire information that a wearer of a head mounted
display 1s visually recognizing; and

a notification control unit configured to control a notifi-
cation unit on a basis of information that the wearer 1s
visually recognizing, the notification unit being included in
the head mounted display and notitying a person other than
the wearer of information that the wearer 1s visually recog-
nizing.

(12) A control method, including;:

acquiring information that a wearer of a head mounted
display 1s visually recognizing; and

controlling a notification unit on a basis of information
that the wearer 1s visually recognizing, the notification unit
being included in the head mounted display and notifying a
person other than the wearer of information that a wearer 1s
visually recognizing.

REFERENCE SIGNS LIST
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102 remote controller

110 main body unit

152 first display unit

154 second display unit
162 display port

164 1mage generation unit
165 first display element
166 second display element
167 visual line detection unit
168 notification control unit
170 notification unit

200 processor unit

211 image mnput unit

212 image processing unit
213 display control unit
214 output unit

215 operation input unit
300 display

400 external device

The mvention claimed 1s:

1. A head mounted display, comprising:

a main body;

a fixing element that supports the main body on a head of

a wearer; and

circuitry configured to:

control a display unit to display an 1image to the wearer;
and

notily, information that the wearer 1s 1 a visually
recognizing state to a person other than the wearer,
by a plurality of light emitting elements of the head
mounted display,

wherein the plurality of light emitting elements include
a plurality of lamps, and

wherein the information 1s notified based on at least one
of a number of the plurality of lamps or an amount
of light emitted from each of the plurality of lamps.

2. The head mounted display according to claim 1,
wherein the circuitry 1s further configured to control display
of the information that the wearer 1s 1n the visually recog-
nizing state.

3. The head mounted display according to claim 1, turther
comprises a display device configured to display corre-
sponding information representing the information that the
wearer 1s 1n the visually recognizing state.

4. The head mounted display according to claim 3,
wherein the display device is curved.

5. The head mounted display according to claim 1,
wherein the information that the wearer 1s 1n the visually
recognizing state includes at least an endoscopic image
captured by an endoscope device.

6. The head mounted display according to claim 1,
wherein the circuitry 1s further configured to:

detect a visual line of the wearer, and determine, based on

the detected visual line, the information that the wearer
1s 1n the visually recognizing state.

7. A control device, comprising:

circuitry configured to:

acquire information that a wearer of a head mounted
display 1s 1n a visually recognizing state;

notily, by a plurality of light emitting elements of the
head mounted display, a person other than the wearer
of the information that the wearer i1s 1n the visually
recognizing state,

wherein the plurality of light emitting elements include
a plurality of lamps, and
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wherein the information 1s notified based on at least one
of a number of the plurality of lamps or an amount
of light emitted from each of the plurality of lamps.

8. A control method, comprising:

in a head mounted display: 5

acquiring information that a wearer of a head mounted
display 1s 1n a visually recognizing state; and

notifying, by a plurality of light emitting elements of
the head mounted display, a person other than the
wearer ol the information that the wearer 1s 1n the 10
visually recognizing state,

wherein the plurality of light emitting elements include
a plurality of lamps, and

wherein the information 1s notified based on at least one
of a number of the plurality of lamps or an amount 15
of light emitted from each of the plurality of lamps.

9. The head mounted display according to claim 1,
wherein at least one of the plurality of light emitting
clements 1s on a center of an external surface of the head
mounted display such that the plurality of light emitting 20
clements are visually recognizable by the wearer.

10. The head mounted display according to claim 1,
wherein the circuitry 1s further configured to control the
plurality of light emitting elements based on the wearer 1s
viewing one of an endoscopic image that 1s captured by an 25
endoscope device or an 1mage that 1s captured by an external
device, and wherein the external device 1s different from the
endoscope device.
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